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SUBJECT:  Monthly  Report  -  AID  IJcrk  Assignment  No.  13 
PERIOD  :  To  31  May  196I 

TOPIC  I.  PREPARATORY  WORK 

|.)  Arkhnrgel'skiy,  M.  M. ,  D.  I.  Dzhlncharadze,  and  A.  S. 

Kurls'ko.  Raschet  tonnel'nykh  obdelok  (Design  of  tunnel 
linings).  Mo3kva>  Trans^.eldorlsdat,  li^bO.  3^^  p. 


Experlnental  Determination  of  Rook  Pressure  In  Under^rcund  Areas 
~pp~jJ--4T) - - — — - - - 

E.\pfci*imcntal  determination  of  reck  pressure  la  of  great 
'’.oiontlfic  interest  in  undergound  consci’uc cion,  particularly 
In  tliiu  it  per.its  a  check  of  Uie  validity  of  theoretical  aa- 
peots  and  Ine  clt.-ter;r.ir.acior:  of  some  emplnioal  coefficients 
roruU’*:!  In  strength  calculations.  T'nc-  euthora  of  this  work 
place  r.'-  aeda  of  do  tnird nirg  rock  pri  S-u-e  into  the  follo^flnf;  three 
groups:  L)  dircce  Measuring  of  the  nrar.r.'cre  In  a  giv^n  area 

by  r..c:nj  of  oolisciar  dyno*.  ..neters,  2)  irnilroc|'t,:pethod3,  in¬ 
volving  til?  i.53a.iure.mc-nt  of  defor.iatlcna  (:jnd  th|r.ce  stresses) 
la  n  ..po  ’ting  structar»3  or  liners  and  the  callulatlcn  of  rook 
a".,  ni  re  from  the  values  obtained,  and  3)  direct  neaaurlng  of 
rock  or-,  sura  at  various  points  by  opocial  Instrumanta,  usually 
of  ‘he  diaphragm  type,  called  "gectechislcal  gages," 

C.'ia  of  tlie  slraplest  columnar  dj-nonsmeters  used  for  direct 
:c;'asurc--ent  la  the  one  daslgirod  by  AcaiU-nlclan  A.  N,  Dlnnlk 
f  'v'Lcs,  1).  The  dyn'cncnetric  colvnn  consists  of  metal  tube  1 
'.Ith  tv.o  netal  blcden  2  'welded  to  the  tubing.  The  reduction 
of  tubing  length  /  under  pressure  is  measured  by  means  of  de¬ 
flection  f  of  tilt!  iietal  blades, 

'•D'o  columnar  dyna^xmater  designed  by  Engineer  D,  D. 

.'lolov  ichev  consists  of  a  hollow  cylinder  with  a  taut  string 
pa;-  il.i..;  throurij  its  a:clu.  An  actuating  electromagnet  la 
pluc.-'d  near  the  string,  and  the  wires  of  the  magnet  are  brought 
out  through  the  pipe  at  the  bottom  ol’  the  dynamo:aeter.  This 
dyti.M’o  ; Iter  is  based  on  the  ‘  string  method"  of  Professor  W.  M. 
Davldetikov.  (In  this  method  stress  Is  calculated  from  deform¬ 
ation,  which  is  detoxiiiloed  from  the  "tune"  (number  of  vibra¬ 
tion;!)  of  n  string  iri  stressed  (loaded)  and  unstressed  (un- 
loi'.'rd)  conditions,  J  Dynamometer  a  (Pig,  2)  is  placed  on  a 
supporting  pillar  and  preased  against  steel  plate  b  situated 
on  a  grouna  tie.  With  an  cuter  diameter  of  80  mm  and  an  Inner 
illnmetor  of  7'j  ni/.i  the  dynamcmeter  is  Intended jjfbr  5-tou  press¬ 
ure  but  can  be  used  with  a  double  overload  (ijei. ,  10  tons). 


•  1  - 


th.;  Ir.dlrrot  method,  ,/lrc  atrriln  £,a-;eT  the  most 
■  ''.  .  ii'.::  if  J.jfoiv.ritlo.i''' .  In  l‘;^9  the  All- 

union  .'Jele-  '  i:  oh  InntlLuta  of  l  ine  .'ou* voy.ln;;  made 

UEo  of  a  col-:.  '.,;r  ■’yT.,3.~r-  ey;'.ro_d  \'lth  uiie  strain  tra^ez, 

r  'ooori-  ct ■fo:7.atl>:-n3  of  t'.io  (;ynan'c. . walls.  Baslc- 
ally,  ti'la  c  vie--  (?!:;.  3)  conaluln  of  a  30  dynamometer 

;:r.d  n  me r.-iri.';;  otatlen.  iho  jlCij-^O  is  i  .iJe,  up  of  measuring 
1  -1  Ih  .■,•1:.  0  .-t.-ain  'yos  2  ccrvuine  l  ‘..-a  tine  interior 
j'lls.  V'r.e  cn.-.nt -atan  ot:v:iu-aenalt' ve  ’wire  for  the  ga,');c3  is 
0.05  C  l  In  hi er.etcr.  ''ho  fhell  la  onolorei  '.y  two  covers,  3 
and  ,>p  L-a.-e  5  utth  hall  nu  yort  6.  ‘Ihc*  base  and 

ti-a  top  cave;  -.re  held  together  by  throe  .-prings  /.  Fin  0, 
p7‘v;  red  Into  the  hole  of  the  top  cover,  serves  for  centering 
t’*.o  h.  .i  urr.eter  cu  tno  supp«..x-tlng  pillar.  Ti'o  cables  are 
pasrrh  il'.rou  .h  holes  in  the  nhell  ’..all  and  cornected  with 
t!ie  naoloj  of  t'w.a  neaymlng  ntatlon. 


On.  J.  r  the  effect  of  top  pja.-aaure  the  ■••urlng  chell  and 
e-M.i  !tly  tr.e  wl’  a  une’erpo  defor  .i  ti  on,  .’hich  changes 

Mu'  .*■  'a  re  ■irt  inco,  I'le  ch  in.;;e  of  voiilotar.'ae  Is  measured, 

■•r  1  tie  ru''‘.-.;u.re  iuutalned  by  the  choll  and  tJ;e  pillar  can  be 
deto...  inrl.  Co’’  dynamometers  <)re  very  cc.'.venlent  be- 

c  j't-e  of  the  •..rt^ner  in  •..hich  they  are  placed  directly  under 
ffie  r.'  v.'ting  plllara  so  as  not  to  lnt«erforo  with  the  tunnel¬ 
ing  uor;<. 


for  M '  i.-iuri;;,'  defonaatlons  and  bending  stresses  of  upper 
vfooden  h  rus  Davldentov's  "ctrlng  method"  can  be  used  success- 
ftilly.  hi  ■  h  '  his  method  rcrown  are  rocur.  d  to  the  upper  beam 
(l,  Klg.  •': )  of  tl.o  fi’ame  being  tested.  Thin  steel  strings  are 
then  :■  -rcfchi.d  .aut  betv/een  the  screws.  The  "tune"  (number 
of  vl'rotlons J  of  !he  strings  is  measured,  and  the  beam  ia 
union  :  .d  by  raising  neighboring  bercfis  2  with  acrovf  Jacks  3. 
After  the  beari  has  been  unloaded,  the  mr.'oer  of  string  vibra¬ 
tions  is  r4ea3ured  once  again.  The  difference  between  the 
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Fig.  3. 


rnuaber  of  vlbratlona  for  each  ne.''sur«.'nent  rteterr.iines  the 
In  at-’lr,?  l-insjth  and  therefore  the  change  In  wood 
fiber  length  betv-ien  the  screwa  and  the  intenoity  of  the 
load. 


Fig.  4. 


Davtdonl^ov'a  nethod  can  be  used  to  measure  defonratlono 
In  a  varic;ty  of  sti^uctures.  In  tunneling  it  la  used  only 
for  urpf.r  ..'ooden  beans,  For  :r.encurlng  atresses  in  metal 
aupporta  and  oa jt-lron  liners  the  bonded  wire  stx'aln  gageii 
are  :oor.i  edventagooua. 

The  direct  neosurlng  of  rock  pressure  at  varlouo  points 
lo  acco.w.j Uch  ,d  with  "geotechnical  gages,"  These  gages  us¬ 
ually  con.-int  of  a  metal  sleeve  >?lth  a  thin  steel  diaphragm 
.dilch  dof.lc-eta  under  the  rock  pressure,  Sinco  the  magnltvtde 
of  ueflectloii  Is  very  small,  hlgh-accuracy  Instzaunenta  must 
be  used.  ?rell;.Unary  to  measuring  operations  these  Instru¬ 
ments  are  calibrated  under  static  pressure,  and  a  graph  is 
plotted  for  each  Instxaunent. 
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The  All-Union  Scientific  Research  Institute  of  JUghway 
Construction  successful]/  uses  string  gages  and  gages  employ¬ 
ing  Inductance  transducers.  Fig.  5  illustrates  a  string  gage 
where  dlaphragu  M  of  the  cylindrical  steel  housing  Is  sub¬ 
jected  to  rock  pressure  p.  By  means  of  cvltch  S  electrocuag- 
net  R  Is  ener-ir,ed  by  a  current  pulse  which  causes  vibration 
of  string  C.  String  vibration  In  the  nagnetlc  field  Induces 
an  electro; motive  force  In  the  winding,  ll'.e  current  frequency, 
and  string  vibration  frequency.  Is  doteiuilned  by  cosiparlson 
\.’ltn  the  frequency  of  teat  generator  Q.  '..ditn  dlaphraga  H 
deflects  under  rock  presauro  p  posts  K  turn  at  a  certain  angle 
and.  Increano  the  tlg;itr.es3  cf  string  C,  i.hlch  Is  stretched 
betv.’c  i'l  the  pests,  the  vlbratl  :n  frequency  of  C  Is  thus  in- 
cri-read.  I'.oek  prescurc  p  Is  thr-i  d.ctermircd  by  rieans  of  a 
calibration  curve  plotted  for  frequency  as  a  function  of 
pressui’o. 


Fip.  5  Flp.  6 


ihe  R'-'hf  jistlc  diagium  of  n  "g--‘ot-^chr.lcal  raga"  er ploying 
an  l.';ductr.:  o3  trs cudncvr  Is  iiho'.,n  in  fig.  6.  With  the*  deflec- 
ti-ivn  uC  th.e  dl.-obrcpi,  gap  Z  d  :creoce3,  charging  the  induct¬ 
ance  of  the  /Indlng.  T.''e  rock  presauro  Is  Cetornslned  from 
the  colibr'.tlcn  curve  plotte<l  for  InducL  -nce  as  a  function 
of  nr'juiiui’o. 

"O.  otcchnlcal  gjges"  are  placed  In  position  for  long  per- 
l.edii  of  tl’.e  mid  as  a  .*’!le  c.'inuot  he  ro;'.ched  after  construction 
i.  V  c<  ■sVited.  bloco  Ih^lr  roJiablllty  rust  be  very  high,  they 
are  (1  ctlc.illy  sealed  to  prevent  penetration  of  water  or 

v,'.'it'ir  vai>nr. 

Thu  .'^ivlBlon  of  Ti’.nnels  and  Subunys  of  the  All-Union  iJcl- 
ib.noarch  Instirurjo  of  Railway  hoslgn  and  Conntxmctlon 
bo;,  conducted  a  corles  of  c.vperim8fl^fl  in  direct  neasurlng  of 
loe);  aresaure  In  tuonuln  by  means  of  string  gages.  For  re- 
J’.ible  I'ltnut  of  the  gages  with  the  earth,  sand  la  forced 
h  :lilnd  th.;  tunnel  llnern.  The  .••njit  of  I’oanurcments  with 
t)ie  string  .;agc3,  as  v/ell  as  those  made  with  wire  strain  gages, 
were  considered  satisfactory. 
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Div7rtov  Comoutatlon  Method  for  Monolithic  Tunnel  Linings 

;i^p.^9-ii7T  ^ 

The  coT-putatlon  oethod  In  the  design  of  monolithic  tunnel 
linln.TS  developed  by  Professor  S.  S.  Davydov  has  found  use 
In  the  deslg^i  of  relluey  and  highway  tunnels  and  special- 
purpose  undex'ground  structures.  Davydov  considers  that  the 
arch  of  a  tunnel  lining  Is  subjected  to  rock  pressure  and  the 
side  walls,  to  voluuetrlc  forces  and  elastic  resistance. 

Around  the  lining  an  elastic  layer  of  rock  forms  which  works 
together  ./1th  the  lining  (Fig.  7).  The  thickness  of  the 
elastic  layer  la  deter7.ilned  from  this  equation; 

max  a  =.  1.2  (i) 

wheret  max  u  is  .uaxlmiun  rock  pressure  along  the  side  surface 
of  th.e  wall  after  ccnstiucticn  of  the  lining,  and  d-init.  Is 
tiio  original  rock  pressure  before  the  lining  was  Installed. 


The  fchlcVno.'^s  of  the  elastic  layer  .it  th(,*  base  of  the 
structure  can  oe  dctejnln.jd  by  N.  A.  Tsytovlch'n  formula: 

»b 

a  —  WPo 

wliere  Mo  l3  the  coefficient  of  transverse  expansion,  iiip  Is 
the  width  of  the  ./all  base,  and  w  Is  a  coefficient  depending 
on  the  rati  o  of  the  lcngt/\  «.  f  the  underground  ax’ea  I.  to  d^, 

Hy  designating 


1-31., 


(a 


this  equation  Is  obtained: 

Hb  -  Ql^ 


(J) 


5 


For  valaes  of  L/d#  from  1  to  10  and  higher,  the  values  i  Oi  C 
vary  within  the  following  Halts,  for  •  0.2,  from  0-9i 
to  2.26;  for  -  0.3,  from  1.08  lo  2.60;  and  for  n,  ^  0.^*, 
from  1.58  to  3.82. 

I 

The  elastic  characterlstica  of  the  rock  are  functiona  of 
generalized  modulus  of  longitudinal  deformatio'*  £« 
efficient  of  transverse  deformation  C"* 

generalized  modulus  of  longitudinal  deformation  S«  In  Kg/cm 
can  be  determined  by  Oersevanov's  formula: 


K.  .  U-JIL  fi  t  iJiX^ 
1  ♦  5 


(*) 


where  5  is  the  coefficient  of  side  pressure;  a  is  the  co¬ 
efficient  of  density  increase  with  the  increase  of  pressure 
as  determined  from  the  compression  cuznre;  and  A  is  the  length 
of  a  section  of  the  vertical  axis  of  the  compression  curve 
A  -  B  ♦  sp  -  E  ♦  ap  in  which  B  and  sre  coefficients 
of  roik  porbslty*st  pressures  pj  JM  p^. 

The  generalized  modulus  of  longitudlnsi  defomatian  can 
also  be  determined  from  compreselnn-test  data  by  this  equation: 


g,  ■  a.p/S  *  f  F 


ib) 


IS  ths  die-impression  ares  (cm*),  p  is  the  rock 
pressux^  (k^cm*),  S  is  contraction  {o«)(.  *  coeffic¬ 

ient  which  equals  0.823  for  sand,  0.761  to  0.7^7  for  srgillac* 
eous  soil,  and  0.735  to  0.722  for  clay. 

The  value  of  the  coefficient  of  transverse  deformation  is 
determined  by  this  equation: 

I  ♦  C 


(6) 


The  values  of  8.  and  in  the  firet  approximation  can  be 
taken  from  tables  Ipresented  in  the  book).  The  tables  provide 
sufficient  accuracy  for  prellmlhary  design  csTculstlons. 


According 
gins  with  the 
tunnel  shapes 
tunnel  snapcs 
of  the  lining 
the  value  of 
of  the  tunnel 
IS  determined 


to  Davydov,  the  deeign  of  the  tunnel  lining  be- 
selectlon  of  dlmencions  for  the  tunnel.  (The 
and  dimensions  for  various  types  of  rt>ck  —  eix 
—  are  given  in  tabular  form.)  The  thlrkness 
In  the  various  cross  sections  is  determined  from 
the  rock- strength  coefficient  and  the  dlmensicns 
cross  section.  The  rigidity  of  the  lining  wall 
by  the  following  equation: 


Values  E,  and  are  C':mplled  fi’cm  tables  [presented  In  the 
book],  Terra  El  is  equal  to  E  and.  P  is  the  coefficient 

of  transverse  deforraation  of  concrete,  usually  1/5  to  1/6, 

Terra  C  =  0.2  hy,  where  hy  is  the  height  of  the  lining  wall. 

The  dii.icnalons  of  the  tunnel  cross  section  in  daylight 
r.iust  satisfy  this  equation: 


v/here  i  and  f^  are  daylight  dlraenslcns  {Table  1)  and  is  ■ 
t'f  rock  strength  coefficient. 

If  this  equation  Is  aatlsfled,  the  hcrlzcntai  t:or.ponent3 
of  vr l'a:r.eti'ic  forces  ■•.ctlng  a.qahist  the  w.all  fully  neutralize 
•  hoi'lr.ontal  ;c..po;r‘nt  c  f  th-  arch  yro.irare.  In  tills  case, 
tr.e  ai'ch  la  calculated  v.lth.rut  ccnaid-r.iticn  of  abutment  dla- 
p’„cc;'.urc,  lx'  the  oquauion  is  nut  satlai'led,  the  horizontal 
ccMponcnta  uf  vcl  ir-;c^rio  forces  c.  r.r.ot  neutralise  the  forces 
■rrm  th  i  rich  ;’q  .U:d  tt  tl.e  top  cf  the  wail,  and  tiie  vail 
will  ’i.j-'e  cut  1  ,rJ  c'A.u  tlr.;:  presrui-e  on  the  rock.  In  this 
c'iso  tiio  ar-di  is  con Jld .-.••.■d  as  a  wyatoM  x'eotlng  on  elastic- 
ally  fil:Mjlae.Ln.q  abutr'.entn. 

'..ii-.n  £c^0.o5  uf.d  nquaticn  (5)  Is  not  satisfied,  there  are 
a  rlA^id  v.’.aCl  sod  a  genor  -'l  ci.  a  of  calculation,  '/inea  0.05 
and  'u-uitlon  (d)  la  satisfied,  there  are  a  xigld  v/ail  and  a 
p;irtlcu?u‘ir  r.vw,*  of  calcuiation  (See:  D.xvydov,  S.  S,  Haschet 
I  prij./i'ktlro /ur p o.'.s._,r.:;ik;i  kcir.stf.kr.aly  [Ensign  and  Calcu- 
latlcn  'f  UtnJ  .qrcur.d  fix-uc lures ].  fhorkvaj,  btroylzdat, 
i'JlO).  w’lieu  ‘  ^0.10  ir.d  ecu  it  ion  (d)  Is  not  satisfied  there 
•.(rn  ■■■.(>  iMli  and  i  ■/■‘iv  ral  case  of  Ciilculation.  When 

'■A  o.KJ  and  '.•quiticn  (3)  Is  satisfied,  there  are  an  elastic 
Will  .  nd  a  particular  case  of  calculation.  V/liena>0.05  and 
■••a;.  i()  i.he  v.all  can  bo  consl  -lcrsd  eiU  er  rigid  or  elastic. 

Al.  px'eseiit  tuo  di  sign  of  t.unnx''!  linings  i.s  carried  out 
In  two  rt-*goe.  In  the  tMrst  stage  the  main  dliiienr.lcns  of  the 
'  I. ling  ui'e  lined  cti  Uu?  basis  of  past  experience.  In 

'  lie  ncirord  tage  the  actual  working  d-.-sign  Is  prepared  In 
.hlch  all  <1 1  .louslorifi  of  the  lining  ai-e  determined  on  the  baais 
of  3tr..'iit;(.h  c  ileul  itlons.  However,  even  aftei  the  second  stage 
has  be  ui  conplcted,  the  design  can  be  modifitjd  slightly  to 
oonforan  to  specific  geological  conultlona  discovered  during, 
tunneling. 

'I’he  Davydov  method  In  lllnatratcd  by  two  sample  calcula¬ 
tions.  The  first  requlies  the  design  of  a  concrete  tunnel 
lining  with  a  rigid  wall  under  conditions  of  mobility  of  the 


arch  abutmenta  (Fig.  8).  The  Following  parameters  are  given: 
l.Q  =  4.50  m;  hy  =  3.00  ra;  depth  of  the  tunnel  underground 
H  »■  6.5  inj  incompetent  rock  with  a  -trength  coefriclent  of 
0.6;  angle  of  In'tornal  friction,  <P  -jO®;  modulus  of  longitud¬ 
inal  deforriitlcn  Ka  2000  tcn/m.*;  coefficient  of  transverse 
defori’atlon  Po  »  0.3;  specific  \:eltav-.  Y  =»  1.5  ton/in*. 


Fi?.  3, 

Af;:.:c  the  tocond  stcgo  of  design  and  strength  calcnla- 
tior.u  'n  the  various  croas  eoctlon?  other  change*  vere  made, 
i’h-*  !.;'r>al  jihape  of  the  lining  cross  section  is  rshovm  In 
’••'1;;.  9.  -''ll  dlnanoions  are  given  in  centimeters. 

0 

!  Che  second  example  the  linings  of  a  two-way  straight 
ro  Li./a/  tronal  a  o  do.-K  gaod  for  r.eaj.um-stroogth  rock.  Fig. 

10  .  hcw.j  the  croj  >  ooutl.cn  of  the  tunnel  with  all  the  di- 
r-ralons  la  ceu  . '  .aters.  fJeven  othei*  one-v;ay  rallvfay  tunnels 
.’or  /'.rioi’a  types  oC  rock  are  also  illusti’ated  In  this  sec- 
i'io  )  of  the  book. 
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2)  f?u3l-  ,  A.  Ch,  New  mechanlsma  and  instruments  in  mining 
worl  .  IN:  A.‘:eder.ilya  nauk  SSSR.  Vestnlk,  no.  2,  Feb 
195  ,  -18-53.  A3262.A627  1961 

The  i-abcratory  of  Rock  Pressure  of  the  Institute  of  Mining 
Iva.'^akh  Acadaa.y  of  Sciences,  Jins  developed  the  E’.C-3  nilcro- 
seleuio  device  for  deterMlnin:'  stress  Intensity  in  rooks  over 
excavated  areas.  Intensity  la  detairdned  by  listening  and 
recording  of  noiaa  pulses  (.scratches)  -.hose  frecuencles  In- 
croar.e  ^/ith  increasing  straaa  Intensity,  'iha  device  consists 
O'.'  r.he  fnlloi/ing:  a  Rochelle  salt  piezoelectric  detector, 
!.hlch  1  i  p.l.aced  in  a  crack  or  a  drilled  hole  daring  the  oper¬ 
ation;  ..  throc-str.ge  audlo.-r.pl tfler  v.'lth  gain  up  to  50,000; 
haadi-ot;  and  a  dry  battery  for  power  supply. 


J  Ic  t 


;;  inu 
rO  7 

pul; 


Vor  each  eot  of  locpi 

vi  31  A  '/■»  r'  '  -  ;  -J  •  .  %  \  f  .  . .. 

.  ..  or  o  LOiJ»p.le,  at  the 

ater.-j  loof,  the  device 
i. lie '-.t ion  of  i.tr;:-.'-  in 
•ing  a  coiicipc;.e  of  tl.e 
te  corr -,i:?ond  d  ip  c'.  -i' 
-11  r.’'lr...:S  per  mU-.t-e 


con.iltlons  a  "noise  scale"  (in 
■vrined  ...wrauant  to  stives  Intensl- 
kiy  zilne,  which  has  a 
oig.- ailing  the  appro;r:hing  in- 
cc-'.-iity  ./no  Ir.ctr.-u-.ental  In  pre- 
reof.  In  this  cace  3-5  pulses  per 
oi  atlo'.-;  i.i';h>.‘Ut  vlclhle  breakdov/n 
’,T.j  ebservea;  at  35"’^5 


■ia  r-r-r  rin-.a.->  tko  ;;oof  ccllapn'i. 


f. 


Tli-e  Injtltut'^  has  also  d.-.vcicp'eJ  a  the d  .fcr  observing 
the  ’K'Vv-ent  oi*  rack  over  <n'.cavat- .1  ar-raj.  Ivillets  loaded 
ri rc'i'.cr.ctlvc  ccb.alt  60  are  sh'.'t  herf!  ..untally  into  a  drill 
;.oll  to  riven  d  - ethc.  V.'ith  the  Vii  type  garoca-scnsltive 
h.evlce  a.‘.d  a  ucni.autc.'.-’atlc  depth-r.eaf-uring  device  the  displace 
ment  of  the  rnc.k  errs  be  d.'tennlned  by  periodical  measuring  of 
th'-?  ccs.l.tlon  of  the  bullets. 


apparatus  for  recording  cosmic  rays  at  the 

f  yaJmtskiy  Branch, 
A  -  AM^  '^cadeny  of  Sciences  USSR  (Q  «  51.0“/ 

flllai^^*Va-iatJM  "auk  SSSxR.  Yafeitskly 

^  H  i^^erolv-nostl  kosialchesklkh  luchey 

Ss"  Koskva, 

I  rs.  Trudy.  Serlya  flzlcheskaya,  no.  3)  i66. 


B  rc:  A 
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•  '  3 

■M 


■  £jif \ 


LM 


Layout  of  apparatus  for  measuring  cosmic  rays 

l^fcoratoryj  B  -  e,ulp«e„u  for 

of  Cfco  l^qalo--'n’rit°7'  Portion 

eoulvalpu;:  l  ,  f®  ]”*  ^0-™  water 

..ouiron  '  :,'±y  'hoo.Wr;  a  - 


hh  ’  pf/oT ^  .^4  w«w»j,  t  -  counccr  train;  5  - 

7  coincidence  counter  train:  6  -  counter  train* 

7  -C-2  Ionization  cha.'::ber;  8  -  uS  r°dio-SlL5 
tlon;  9  •  .tratoopherlo  radlosonJlrM^iljr  C'"  '’**‘ 
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SUBJECT:  Monthly  Report  -  AID  Work  Assignment  No.  13 
PERIOD  :  To  31  Kay  I96I 


TOPIC  II.  CONSTRUCTION  METHODS,  MATERIALS,  AND  EiJUIPMENT 


1)  Sllakov,  A.  E:£plorer  device.  Ekonoalcheskaya  gazeta, 
6  May  1961,  4. 


A  ca;,iera  for  photo.vraphlng  in  color  and  televising  in¬ 
terior  surfaces  of  borehole  i^alls  has  been  developed  at  the 
Dep.urtT.iont  of  Electrical  Eaglnoerlng,  Inetltate  of  Coinmunl- 
caelcns  Imerl  Lonoh-?.T  yevlch,  under  the  direction  of  the 
Dopartv.eat  chair-vin,  Proferaor  P.  Y.  Sr’jakov,  Ihe  entire 
devi'ca  is  cootalr.ad  within  a  special  nor.;.:.cjaetlc  steel  tube 
60  r.m  in  d.iar.-ot-sr  unJ  Ic^O  nun  long.  The  camera  Jias  two  film 
spools  c.rd  is  ICTored  into  the  borehole  on  a  cable.  Focusing 
of  the  car.icra,  e..po.oUi.'e  time,  and  the  switchover  from  .still 
photography  to  taicvlai.on  a.re  controlled  fro-m  a  panel  above 
ground. 


E)  First  to  appear  in  worldwide  use.  Ekmo-Vilcheskaya  gazeta, 
4  May  196I,  2. 


The  EJicIaiiov  Heavy-M.ichlnei’y  Plant  has  the  manufac¬ 

ture  of  the  !•.'{ ff-S  .vhaft-slriklng  machine  for  oinking  I’hafts 
5  n  in  dia.neter  to  depths  of  5t'C-60U  m.  The  mochlno  can 
drill  la  both  Jcft  end  very  hard  rock  and  bores  at  a  rate  of 
IhO-l^iO  m  per  Hionth,  Eight  operators  are  required  to  nin 
the  T.achine,  and  it  is  conti’oiled  from  above  ground. 


J)  Television  camera  on  the  end  of  a  drill.  Yunyy  tekhnlk, 

no.  2,  Fob  1,961,  21. 

Czechoslovakian  engineer  M,  Krajclk  has  designed  a  tele¬ 
vision  unit  for  visual  observation  of  borehole  interiors. 

The  unit  Is  a  specially  designed  cylindrical  television  camera 
v/hich  is  fastened  to  the  drill  rod  and  lowered  Into  the  bore¬ 
hole.  It  transmits  the  Image  of  the  borehole  Interior  to  a 
screen  above  ground.  At  present  the  working  range  of  the  unit 
Is  250  m.  However,  with  some  improvements  the  range  can  be 
extended  to  1500  m. 
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SUBJECT: 


Monthly  Report  -  AXD  Wci-k  Asalgnmeat  Jfo.  13 
PERIOD  :  To  May  31  196l 


TOPIC  IV.  C0MI-IUNICAT1CN3 


1)  Il'ln,  A.  A.  Syjtem  of  overall  remote  ocntrol  of  nlhlng 
k-ork.  I;i:  Akarlc-miya  na^k  S?oH.  Slblraioye  otdelenlye. 
laveetlya,  no.  2,  29^1,  11-16. 


After  :in  Investigation  of  the  cperatlcns  cf  dispatcher 
S’epervlijcry  .'c-il  i-ol  :y.5tera^  'li  I{‘-4  jiiTC-l ,  eto.)  fcr  tha  r.ln- 
'r,  -  inuui; try^  cho  Mining  Institute  of  the  Siberian  Division 
of  t.'re  Soviet  Aoedc.uy  cf  SclTnrcs  reveals  that  none  of  the 
e-T'r.tlnj  o.'i'tema  of  cc~.*vunlc 't-lon  can  either  rr.eet  the  de- 
slx’C'd  rec'j i.-omenta  cr  serve  aa  starting  points  In  the  design 
nx'  no'./  S’  j terns.  The  Institute  makes  the  folicwlng  reccaiiaen- 
tiens  foi’  a  new  general-pu.— cse  system: 

1)  Ivdstlng  powx'-  cables  should  t.e  uael  aa  comrounloatlons 
IlT'ks,  slnoe  r/'din  channels  a't-d  other  com’curi:  cat  ions  links  in 
'.'tines  opera,  e  -ti  .oatisfactoriiy, 

2)  A  fi'equer.cy-type  coding  in  the  c  range  ehould 

be  used  .for  rea.sons  of  greater  ainpllclty,  reliability,  and 
nolaoproof  charactcrlstlca. 

3)  CFO-ratlng  frequency  should  be  maintained  in  the  10-100 
ko  range. 

4)  A  u;)lt-type  system  l3  more  feasible  by  virtue  of  Its 
greater  flexibility. 

•j)  Seralconduc tor?  and  ccrtac^le?.s  devices  ahould  be  used 
to  insure  reliability. 

6)  Computers  .^hou'i  be  employed  for  proreeslng  Input  in- 
foroatlon. 
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